Objective: To study signi®cant factors associated with the risk of hypertension among obese women, with and without a history of weight cycling (WC). Design: Case ± control study. Setting: Obesity Clinic of Chieti University, Italy. Subjects: A group of 258 obese women aged 25 ± 64 y (103 cases with hypertension and 155 controls) were recruited. All obese subjects had the same clinical characteristics, were without a family history for hypertension, were non-smokers, had normal lipidemic pro®les and normal glucose tolerance, were not taking any medication and were otherwise healthy. Intervention: In the weight cycling women, the history of WC was established on the basis of at least ®ve weight losses in the previous 5 y due to dieting, with a weight loss of at least 4.5 kg per cycle. A logistic regression model adjusted for confounding variables such as waist-to-hip ratio (WHR) and weight cycling history parameters was used and the odds ratio (OR) with 95% con®dence intervals was calculated. Results: The risk of hypertension increases in subjects with larger WHR (OR 7.8; 95% CI 3.4 ± 17.9) and with a positive history for WC (OR 4.1; 95% CI 2.4 ± 6.9). Further, in obese patients with WC, the weight cycling index and the sum of the weight regained are also important risk factors for hypertension. Conclusions: These ®ndings could support the hypothesis that it is the combined exposure of central-type obesity and WC that strongly raises the risk of hypertension. Sponsorship: This work has been ®nancially supported by a grant
Introduction
About 40 y ago, Stunkard and McLaren-Hume (1959) found that most of the patients who lost weight as a result of dieting would subsequently regain it. More recently a meta-analysis, published in 1985 to evaluate about 30 previous studies, showed that weight loss was less than 15% after about 1 y, with rates close to zero after 5 y of observation (Bennet, 1987) , and that only about 5% of subjects were able to maintain a signi®cant weight loss (Kramer et al, 1989) . As documented in the literature, most of the obese subjects regain the lost weight or even gain additional weight compared with baseline values (Drenik & Johnson, 1978) . A history of repeated cycles of weight loss and regain is known as`weight cycling' (WC) or`yo-yo dieting' (McCargar & Crawford, 1992) . Recent reports have also shown that body-weight¯uctuations could have a negative in¯uence on energy balance, with a rise in caloric ef®ciency caused by changes in body composition such as increase in body fat (Steen et al, 1988; Jequier, 1990) . Changes in body fat distribution, with an increase in visceral fat (Rodin et al, 1990) , eating behaviour modi®ca-tions (Rebuffe Á-Schrive et al, 1994) and increased cardiovascular morbidity and mortality have also been documented in subjects with weight cycling (Ashley and Kannel, 1974; Hamm et al, 1989; Ro Èssner, 1989; Lissner et al, 1989 Lissner et al, , 1991 Jeffery et al, 1992; Hanson et al, 1996; Folsom et al, 1996) . There are numerous studies that examine the relationship between WC and blood pressure levels. However, most of these studies have been conducted on animals (Contreras et al, 1991) , and very few on humans (Kalkoff et al, 1983; Melby et al, 1991; Guagnano et al, 1999) .
The purpose of our study was to evaluate, with a case ± control study, the risk factors for hypertension in obese women with and without a history of WC.
Methods
During 1998 we visited for the ®rst time at the Obesity Clinic of Chieti University 640 subjects. For the study we recruited among our outpatients 103 consecutive cases, with the following inclusion criteria: a newly diagnosed hypertension (World Health Organization-International Society of Hypertension, Guidelines subcommittee, 1999), caucasian women, obese (body mass index !28kgam test (American Diabetes Association, 1997), normolipidemic (as assessed by dosage of total cholesterol, high density lipoprotein cholesterol and triglycerides), non-smokers, non-pregnant, without a family history of hypertension and with a Mediterranean eating style (Sirtori et al, 1986) . Controls were 155 consecutive Caucasian obese women, who had to have the same characteristics as the cases, except for the fact that they were normotensive. The subjects that didn't have the inclusion criteria were excluded from the study. None of the subjects of both groups was taking any medication and they were generally healthy.
Anthropometric measurements
All measurements were performed by a small group of trained staff, using standardized techniques. Height recorded to the nearest 0.1 cm was measured without footwear, with heels together and with the subject's back against the stand. Weight was recorded to the nearest 0.1 kg. The body mass index (BMI) (Quetelet's index) was calculated as weight in kilograms divided by the square of the height in meters (kgam 2 ). Waist girth was determined with a measuring tape placed horizontally around the umbilicus; hip girth was measured at the maximum circumference at the level of the greater trochanter (Lohman et al, 1988) . Values were made to the nearest 0.5 cm and the waist-to-hip ratio (WHR) enabled us to separate the population into gynoid-type (WHR`0.86) and androidtype (WHR !0.86) obese subjects (Crepaldi et al, 1991) .
Sociodemographic and clinical characteristics
All women in this study were divided based on the following inclusion criteria: occupation (homemaker or employed); physical activity (low Ð energy expenditure 1.5 ± 3.4 kcalamin; or moderate Ð energy expenditure 3.5 ± 5.0 kcalamin), as assessed using 1-y recall structured interviews (Mayer-Davis et al, 1998) ; menstrual history Ð regular menses, premenopausal status (after spontaneous cessation of menses`6 months), postmenopausal status (cessation of menses !6 months; Eng-Hen et al, 1997).
Weight cycling history
At the time of recruitment, all obese women had been in a weight-stable condition for at least 4 months and they were interviewed by the same ad hoc-trained monitors, who used a standardized questionnaire to obtain information about previous weight reduction programs (Melchionda, 1996) . For each weight loss episode, the subjects were asked to indicate their age, initial and ®nal weight, time required for weight loss, type of diet followed and if any anorectic drug or psychotherapy andaor physical activity had been part of the program. A history of weight cycling was established based on the following criteria: at least ®ve intentional weight-loss episodes in the past 5 y, excluding pregnancies or diseases, a weight loss of at least 4.5 kg for each cycle, and an interval of at least 6 months between each weightloss episode Wadden et al, 1992; Iribarren et al, 1995) . Those who reported one to four cycles were excluded. The sum of weight regained in each cycle and the weight cycling index (WCI), which is the difference between the BMI of each subject at her highest and lowest weight , were also computed.
Blood pressure measurements
The casual blood pressure was measured conventionally using a random-zero sphygmomanometer, with a cuff suitable for obese subjects (45623 cm), and it was taken three times at 1 min intervals, after a 10 min rest in a supine position. The mean of the three determinations was used for analysis purposes. Subjects with systolic blood pressure (BP) levels !140 mmHg andaor diastolic BP levels !90 mmHg were considered hypertensive, according to the guidelines of the World Health Organization (in 1999).
All patients gave their informed consent and the study was approved by the Ethics Committee of the Chieti University School of Medicine.
Statistical analysis
Comparisons between cases and controls were made using the chi-square test, Student's t-test and the odds ratio (OR), with 95% con®dence intervals (95% CI). Variables previously determined to be important risk factors for hypertension were entered into a multiple logistic regression model. The data were analysed using the SPSS 1 7.0 statistical package.
Results
The characteristics of the study population are shown in Table 1 . When compared with the controls, the cases are similar for age, BMI, occupation, physical activity and menstrual history. Almost the 20% of all subjects are postmenopausal. The case subjects present greater WHRs and higher levels of systolic and diastolic blood pressure than the control subjects ( Table 2 ). The distribution of the obese population and odds ratios (OR) for hypertension are shown in Table 3 . The WHR is the most important and consistent factor associated with the hypertensive risk. Statistically signi®cant trends indicate that the risk for hypertension increases with larger WHR (P`0.001); in Table 4 ). The obese women with a WC history and higher WHRs have a higher risk for hypertension compared with the obese women without WC. In fact, the OR for hypertension among the obese with WHRs in the last quintile is approximately 10 times in the women with WC and ®ve times in those without WC, when compared with the group of women in the ®rst quintile.
Discussion
The fact that a multitude of different parameters can be used to measure weight¯uctuations could explain the differences in results (Muls et al, 1995) . For example, certain authors have used the total number of weight cycles within the past 5 y (Hans et al, 1995) or lifetime weight loss Wadden et al, 1992) . 
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Others used self-reported weight losses and regains of !4.5 kg, or 3 ± 9 kg, or of !9 kg (Steen et al, 1988; Rodin et al, 1990; Rebuffe Á-Schrive et al, 1994) . Jeffery et al (1992) have computed the difference between the highest and lowest weight as an adult or during the past year, and the mean weight¯uctuation per year was also evaluated (Drewnowski & Holden-White, 1992) . Others have considered the weight cycling index, derived from the frequency and amount of weight loss (Rodin et al, 1990) . A method that has also been used is the root mean square error, which represents the average weight¯uctuation for an individual accounting for the linear trend in weight over time (Hanson et al, 1996; Folsom et al, 1996) . As for the reliability and validity of a standardised questionnaire (Melchionda, 1996) , our data were collected by the same interviewer, so as to minimize any potential bias due to different observers. Furthermore, people's ability to remember changes in body weight over a period of several years has been assessed by other authors (Ro Èssner, 1989; Stevens et al, 1990) . In the case of our patients, body weight variations were attributable exclusively to voluntary dieting, as was the case in the Gothenburg Prospective Studies (Lissner et al, 1989) . Recently, numerous epidemiological studies have evaluated the in¯u-ence of weight cycling on cardiovascular morbidity and mortality, showing a more signi®cant correlation with weight¯uctuation Ð rather than the body mass index Ð in both cases (Hamm et al, 1989; Lissner et al, 1991; Blair et al, 1993) . A signi®cant correlation has also been documented between body-fat distribution indices like the waist-to-hip ratio and the weight¯uctuation index, pointing to the possibility of body-fat redistribution, with an increase in the amount of visceral fat, in subjects with higher degrees of weight cycling (Rodin et al, 1990; Hudgins & Hirsh, 1991) . This possibility is extremely signi®cant, since it is a well-established fact that prevalent visceral adipose tissue deposition represents an important direct and indirect risk factor for hemodynamic, metabolic and cardiovascular comorbidities in obesity cases (Larsson et al, 1984; Seidell et al, 1987; Sjostrom, 1990; Guagnano et al, 1994; Han et al, 1995; Lean et al, 1998) . Hamm et al (1989) have suggested that the increased incidence of coronary heart disease in subjects with large weight¯uc-tuations could be explained by atherogenic alterations in lipid metabolism, which take place during body weight increases after a period of caloric restriction (Bouchard, 1991) . The prospective data from the Framingham Heart Study, which are particularly useful in evaluating any correlation between¯uctuations in body weight and incidence of chronic illnesses, show that changes in body weight have a negative impact, irrespective of obesity (Lissner et al, 1991) . In contrast with this hypothesis, Jeffery et al (1992) have found no evidence that a history of weight cycling worsened cardiovascular risk factors and concluded that concerns about the health hazards of repeated dieting may be premature. In addition, Wing et al (1992) failed to document any correlation between changes in WHR and cardiovascular risk factors, after an adjustment for the degree of obesity. As for the association between hypertension and weight¯uctuations, the data are highly controversial (Steen et al, 1988; Melby et al, 1991; Jeffery et al, 1992; Rebuffe Á-Schrive et al, 1994) and a comparison between our data and those of previous case histories is especially dif®cult owing to the following reasons: differences in the methods used to evaluate WC; narrowness of the sample being studied (McCargar & Crawford, 1992) ; enrollment of males only in the study (Steen et al, 1988) ; difference in the age of the subjects being examined (French et al, 1995) ; or lack of allowance for different types of obesity and failure to measure BP with cuffs suitable for obese patients . In fact, in a review of the National Task Force on the Prevention and Treatment of Obesity (1994) , which related the original reports obtained through MEDLINE MeSH, the data from 23 studies showed many discrepancies such as different number of subjects (from 4 to 846), study populations including both males and females, with obese and non-obese subjects and the use of retrospective or prospective methods. This could explain why the conclusions are often completely opposite. For example, Wing et al (1995) , in an important prospective study, stated that`the study showed no negative effect of weight cycling on cardiovascular risk factors', while in the conclusions of their larger investigation, Lissner et al (1991) stated that`¯uctuations in body weight may have negative health consequences, independent of obesity'. Koren et al (1991) have found that chronic weight uctuations can determine an increased hemodynamic load, with signs of left-ventricular hypertrophy, but no signi®cant variations in blood pressure levels, in obese patients with WC compared with non-WC obese patients. Rebuffe Â-Schrive et al (1994) also failed to document any signi®cant difference in blood pressure levels between WC obese and non-WC obese subjects. Risk factors for human hypertension have been extensively investigated and suggest that lifestyle-related factors can predispose speci®c populations to a higher risk. In the present study group, based on a homogeneous population of obese women, with absence of such important cardiovascular risk factors as hypercholesterolemia and smoking habits, adjusted for age, BMI, menstrual history and lifestyle parameters, we documented that the risk for hypertension signi®cantly increases with larger WHR and with a positive history of weight cycling.
